How does the endorsement of different dimensions of gender norms by men and/or women influence their use of HIV testing and antiretroviral treatment? This question was examined using data from a 2014 population-based survey of 1053 women and 1004 men, ages 18-49, in rural South Africa. We used a global measure for views toward gender norms (the GEM Scale), plus four subsets of scale items (all reliabilities ≥ 0.7). In multivariate analyses using the global measure, endorsement of inequitable gender norms was associated with more testing (AOR 2.47, p < 0.01) and less treatment use (AOR 0.15, p < 0.01) among women but not men. When examining specific subsets of inequitable norms (e.g., endorsing men as the primary decision-maker), decreased odds of treatment use was found for men as well (AOR 0.18, p < 0.01). Careful attention to the role specific gender norms play in HIV service uptake can yield useful programmatic recommendations.
Introduction
Substantial global evidence has demonstrated that endorsement of inequitable gender norms is linked with a series of negative health outcomes related to HIV/STI risk and prevention [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . These inequitable gender norms include, for example, that men should make all the major decisions in the household; women are solely responsible for pregnancy prevention; and a husband has the right to be physically violent with his wife if she does not obey him. Studies have shown associations between agreement with inequitable norms and having multiple sexual partners [6, 7, 11] ; intimate partner violence (IPV) [1-7, 10, 11] ; less condom use [3, 4, [6] [7] [8] [9] ; and early sexual debut [10] . A systematic review to assess the efficacy of HIV violence and prevention programs for men that attempted to promote more equitable gender norms (especially those around masculinity) found that these programs can improve protective sexual behaviors and reduce HIV and STI risk [12] .
Comparatively little is known about the role of gender norms in the HIV care continuum, including HIV testing [13] , and care and treatment for people living with HIV [14] . In the current era of early and universal HIV treatment [15] , and the global promotion of HIV testing as an entry-point to care, it is critical to understand this relationship [16] [17] [18] [19] . Clarifying how inequitable gender norms may act as a barrier to being linked to, or staying engaged in, HIV care and treatment, for example, will both help us to meet the HIV care needs of individual women and men, as well as achieve more public health-oriented HIV epidemic control goals.
Further, there are a number of different dimensions of gender norms and a more nuanced understanding of which norms are most associated with which key health and service use outcomes is needed. For example, it may well be that certain norms influence HIV prevention behaviors like condom use while others influence adherence to antiretroviral (ART) medications. Related findings would help suggest the programmatic focus of future programs.
While there is a growing body of research on gender norms and how they are linked with HIV service use and care outcomes, most of the investigations have been on a small scale and have been largely qualitative. A systematic review focused on gender norms/masculinity and men's HIV testing found that out of 642 studies examined, only 14 met the inclusion criteria and all were qualitative [13] . Findings, however, suggested that gender-related themes play an important role. Examples of such themes included that discussion of HIV testing with partners was viewed as a threat to men's authority, that changing sexual risk behavior may undermine men's masculine identity, and that seeking help from others was associated with weakness. Studies that have explored the influence of gender and partner relationship dynamics on HIV care/treatment have also highlighted the connection. For example, studies with Ugandan and Malawian women living with HIV who had not entered care/treatment after HIV diagnosis found that lack of support from a male partner was a major reason for this [20, 21] .
South Africa has the largest HIV epidemic in the world, with an estimated seven million people living with HIV [22] . The South African government adopted the 90-90-90 targets in 2015 as part of efforts to end the AIDS epidemic [23] , and it currently has the largest HIV treatment program in the world, with over half of adults with HIV on ART [24]. Gender-based violence is also endemic. According to South Africa's 2016 Demographic and Health Survey (DHS), one in five women older than 18 has experienced physical violence [25] , and another study reported that three women die at the hands of their intimate partner every day [26] . Gender dynamics such as those related to violence have been identified as a major contributor to the HIV epidemic [14] .
Given evidence to date, there is a need to quantitatively examine the role of gender norms in influencing HIV testing and treatment use with a large sample of participants. There is also a need to "unpack" specific gender norms by topic area so that the salience of different dimensions of gender norms can be understood, as well as their associations with key outcomes. To this end, we explored these issues using data from a large population-based sample in Mpumalanga, South Africa. We first describe women's and men's attitudes toward a variety of gender norms, then discuss associations with HIV testing and treatment uptake. [29] .
Methods

Data Source and Study Setting
Bushbuckridge sub-district, like much of the province, is characterized by high levels of poverty and migration, low levels of education, and few employment opportunities. Mpumalanga has the second-highest adult HIV prevalence of South Africa's nine provinces, at 22% [30] .
Sample
The sampling frame consisted of all HDSS households with a resident aged 18-49 enumerated during the 2013 Agincourt HDSS update [29] . We sampled either a man or woman from each household based on HDSS data (in order to generate adequate samples for both men and women in each community). Individuals in the household were randomly ranked (1, 2, 3, etc.). Upon entering a home, the individual randomly ranked first was screened for the following more detailed eligibility criteria: person lived in the home, aged 18-49 per confirmed date of birth, and had lived in the study area for most of the past 12 months. If the first individual did not meet these eligibility criteria, the second was screened, and so on. Only one individual was interviewed per household.
The initial sampling frame included 3456 households across 27 villages, of which 3061 (88.6%) were contacted. Eligibility could not be determined for 52 of these households. For 939 households, the selected individual was not eligible (often due to not meeting residency criteria). In total, 2070 screened individuals were eligible to participate, with 2057 (99%) consenting to participate.
Survey Procedures
Surveys took place at the participant's house, and generally were one to two hours in length. They were conducted by a trained interviewer in the local language of Shangaan or in English, depending on the respondent's preference. Surveys were administered using computer assisted personal interviewing (CAPI), in which the interviewer reads each question to the respondent, then enters the answer into an electronic form on a laptop computer.
Measures
Views Toward Gender Norms
We measured views toward gender norms with the Gender Equitable Men (GEM) Scale. The GEM Scale was originally developed by Pulerwitz and Barker (2008) in Brazil [3] and has now been used in many studies of HIV risk and violence behaviors in sub-Saharan Africa, among both men and women [5, 7, 31] . A set of 40 items representing inequitable gender norms was included in the survey (both original GEM Scale items and about 15 new items developed for this study). Response categories were "Do not agree at all," "Somewhat agree," and "Agree a lot." All factor and reliability analyses were carried out in Stata v15.0 [32] .
From amongst the 40 items, we selected sets of items that, based on the literature, reflected four gender norms dimensions hypothesized to be most relevant to HIV service use. The final dimensions and composite scale items are shown in Table 2 . These included norms condoning men's violence and control over women (7 items); norms around men as the decision-maker in a couple (6 items); norms around men's toughness and avoidance of help-seeking (5 items); and norms around women's primary responsibility as family caretaker (5 items). All dimensions were contained in the original GEM Scale, except for items related to men's avoidance of help-seeking. To arrive at each final set of items, we removed one to two originally-included items based on low factor loadings (< 0.30). Finally, we also constructed a 'composite,' adapted GEM Scale variable comprised of all items across the dimensions (23 items).
We generated aggregate scores for each individual on the GEM scale-composite and the four dimensions addressed in the scale by taking the mean of non-missing items and multiplying by the number of items in the set. Higher scores represent more inequitable norms on the GEM Scale-composite and the four included dimensions. As shown in Table 2 , the composite scale as well as each dimension had good internal reliability, with all Ordinal Thetas ≥ 0.70. (Theta is a measure of reliability similar to Cronbach's coefficient alpha but more suitable for categorical response categories [33, 34] ). Each GEM Scale dimension also had good model fit in confirmatory factor analyses, based on commonly recommended cut-off criteria [33] .
HIV Testing in the Last 12 Months
Participants were asked "In the past 12 months, how many times have you been tested for HIV?". We created a binary testing variable (i.e., at least one test versus zero tests in the last 12 months), and recoded as missing any individuals who reported being HIV positive for over one year (n = 54 women and 17 men).
Current ART Use
Participants who reported being HIV positive (i.e., answered 'HIV positive' in response to the question "What were the results of your last HIV test, or the last test for which you received results)?", were considered as currently using ART if they answered 'yes' to both of the following questions:
"Are you on antiretroviral treatment or ART now or were you ever on ART?" and "Are you still taking ART?".
Statistical Analysis
Using Stata v15.0 [32] , we generated weighted means and proportions for variables of interest, and conducted weighted logistic regression to examine associations of the GEM Scale-composite and included dimensions with last-year HIV testing and current ART use. We used separate models for women and men. Scaled weights, determined based on the proportion of total eligible households per village and total eligible women or men per household, were used to account for differential sampling probabilities and to represent the distribution of women and men aged 18-49 years in Agincourt based on the 2014 Agincourt HDSS. Robust standard errors were used to account for clustering by village [32] .
The study was approved by the institutional review boards at the University of California-San Francisco, the University of North Carolina at Chapel Hill, the Human Research Ethics Committee at the University of the Witwatersrand in South Africa, and the Mpumalanga Department of Health and Social Development Research Committee.
Results
Sociodemographic characteristics of participants are presented in Table 1 . The mean age was 31.5 years for women and 29.4 for men. About 39% of women, and 23% of men, reported being married. About one-third of both women and men said they had completed high school, and about onethird had received any income in the past three months.
Profiling Dimensions of Gender Norms
Percentages of respondents who "agree a lot" or "somewhat agree" (vs. "do not agree at all") with each GEM Scale item are presented in Table 2 . We collapsed the "agree" response categories for ease of interpretation; for most items fewer than 10% of respondents answered "somewhat agree." Also included in Table 2 are mean scores for the composite variable as well as the four included dimensions.
Most GEM Scale items received endorsement from a relatively high proportion of both men and women, indicating general agreement with inequitable norms. Mean levels of the composite GEM Scale score and norm domains fell close to the middle of the range of 1.0 to 3.0 (higher = more inequitable). The most gender-inequitable domain was related to women's primary responsibility as family caretaker. Views that men should be the primary decision-maker in a couple were also quite inequitable, particularly around major household decisions (e.g., "A man should have the final word about decisions in his home".) Within the domain concerning men's violence and control over women, respondents expressed the most support for the statement that "A man is expected to discipline his woman" rather than an explicit statement around violence such as "There are times when a woman deserves to be beaten." The exception to the high support for inequitable gender norms relates to the new domain around men's toughness and avoidance of helpseeking. In particular, respondents reported very low agreement with items endorsing the view that men shouldn't seek health care (e.g., "A man shouldn't go to the doctor unless his situation is serious") but they did still maintain some agreement with the norm that men should be tough.
Comparing levels of support for inequitable norms among women and men, in general they appeared similar across all norm domains. However, these relatively small differences were statistically significant in some cases. That is, men held significantly more inequitable views than women using the GEM Scale composite, as well as the domains around men's violence and control over women, and men as the decisionmaker in a couple. There was no difference in support for men's toughness and avoidance of help-seeking or women's primary responsibility as family caretaker.
Regarding differences by age/age group, endorsement of gender norms was also quite similar across age groupings (results not shown). However, while there were no statistically significant differences among men, there were a few among women. That is, views toward the overall GEM Scale composite and norms around men as primary decisionmakers in a couple, became increasingly inequitable with women's increasing age. For example, among women, the mean GEM Scale composite score rose from 1.76 to 1.82 to 1.83 among women ages 18-24, 25-35, and 36-49, respectively (p < 0.01).
Profiling HIV Service Use
HIV service use behaviors are shown in Table 3 . Nearly all women, and about three-quarters of men, reported ever being tested for HIV. Within the last 12 months, 78.9% of women reported having tested for HIV, versus 54.9% of men. 
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In addition, about half of men and women reported talking with their current/most recent partner about getting tested; this was slightly higher among women than men (56.4% vs. 46.5%).
Turning to use of ART among respondents reporting that they were HIV positive (n = 122 women, 48 men), nearly three-quarters of women reported ever taking ART, and currently taking ART (72.5% and 70.8%, respectively). Among men, reported ART use was slightly higher with 83.0% ever having taken ART, and 78.7% currently taking ART.
Associations Between Gender Norms and HIV Testing
Multivariate analysis results for HIV testing in the last year are presented in Table 4 . Among women, endorsing more inequitable norms in general (GEM Scale composite), and particularly women's primary responsibility as family caretaker, were associated with increased odds of testing in the last year. Findings from ancillary analyses among women suggest that this association may be accounted for by greater likelihood of testing after having children/during pregnancy. When controlling for other demographic Table 2 Gender norms among women and men (n = 1053 women; 1004 men) Analyses incorporated sampling weights and accounted for clustering λ = Ordinal theta (measure of internal consistency reliability similar to Cronbach's alpha) *p < 0.001. p value is for the difference in mean score between women and men, from weighted bivariate analyses that accounted for clustering % who "agree a lot" or "somewhat agree" with statement (vs. "do not agree at all") characteristics, having biological children (a possible proxy for recent pregnancy, a variable not included in the survey) was significantly associated with endorsing norms around women's primary responsibility as family caretaker (p < 0.001), and was also significantly associated with increased odds of testing in the last year (p < 0.01) (data not presented). Among both men and women, endorsing more inequitable norms around men's violence and control over women was associated with increased odds of testing. Finally, talking with current/most recent partner about getting tested was associated with increased odds of testing among both women and men.
Associations with Current Treatment Use
Multivariate analysis results for current ART use, among individuals reporting an HIV-positive status, are presented in Table 5 . We found that among women, endorsing more inequitable gender norms (GEM Scale composite) was associated with substantially decreased odds of current ART use (aOR 0.15). Among both women and men, greater endorsement of views around men as the decision-maker in a couple was also associated with substantially decreased odds of current ART use. Among women, endorsement of norms condoning men's violence and control over women, and around men's toughness and avoidance of help-seeking, were also associated with decreased odds of ART use. Further, the relatively low sample size for these analyses, particularly among men (n = 48), may have limited the statistical power to find significant associations in some cases.
Conclusions
A substantial proportion of both men and women in this representative sample of adults in Mpumalanga, South Africa endorsed inequitable gender norms that have been shown to be significantly associated with various negative outcomes. These inequitable norms included agreement that women should tolerate violence and that men should "discipline" their partners, that men should make all major decisions in the relationship, and that women should be solely responsible for caregiving.
The study further demonstrated that respondents living with HIV who more strongly endorsed gender inequity were less likely to be using HIV treatment. This was particularly true for women, with significant associations found with the GEM Scale overall and three out of the four sub-domains (i.e., endorsement of men's violence and control over women; men as the decision-maker in a couple; and men as reluctant to seek care/help). Among men, a significant association was found specifically around the topic of men as the decision-maker in a couple, whereby men living with HIV who endorsed these inequitable norms were less likely to report current treatment use. These findings support themes raised during earlier (mainly qualitative) studies. For example, in a study with both male and female antiretroviral users in Zimbabwe, some men saw HIV in the family as a threat to their male dignity, and in response, reportedly prevented their partners from accessing care or adhering to ART; and at the same time, many women felt unable to disclose their status to their partners, fearing conflict and violence [35] . A study in South Africa concluded that relationship conflict led to men's attempt to control their partner's use of ART [36] . And, in another study with women living with HIV in South Africa, Watt et al. (2017) indicated that a history of sexual trauma hindered women's HIV care engagement when they were first diagnosed with HIV [37] .
Conversely, we found that receiving an HIV test over the past year was in general associated with support for more inequitable norms. This was seen especially among women who endorsed statements around women's primary role as family caretaker. Several earlier studies had found that substantial family caretaker responsibilities can act as a barrier to accessing services for women, so this result was somewhat unexpected [38] [39] [40] . To help explain the finding, we conducted ancillary analyses among respondents, and results suggest that the current association may be accounted for by greater likelihood of testing after having children/ during pregnancy. That is, women with children were more likely to endorse norms around women's primary responsibility as family caretaker (p < 0.001), and they also had increased odds of testing in the last year (p < 0.01). Research with DHS data across 25 countries has similarly found associations between women's endorsement of inequitable gender norms (i.e., that wife-beating is justified under various circumstances) and early child-bearing [41] . As support for this supposition in South Africa, a study with householdbased surveys from a community randomized prevention trial in Soweto found that women who had children under their care were more likely to get tested for HIV [42] . Alternatively, since antenatal services (ANC) are widely available in South Africa and women commonly receive HIV tests in this setting, another explanation could be that women with children are more likely to endorse caretaking norms, and are more likely to have recently tested during ANC, but that the two are not related. It may also be that women endorsing more inequitable norms around men's power/control in relationships are more likely to test (as we found in the current study) because they are doing so on behalf of their male partners, either because they are directed to do so by their partner or are more concerned about asking their partner to test. This phenomenon-called "proxy testing" [43] -refers to an individual member of a couple (most often a woman) getting tested, with the assumption that the test results will also indicate the status of the partner. This is an incorrect assumption, given couples can be sero-discordant, but it has been periodically reported. Overall, these findings suggest a complex relationship between gender norms and HIV testing, warranting further research and analyses. Of note, we found that partner communication about testing was important for testing uptake, for both men and women. Specifically, men and women who talked with their most recent/current sexual partner about getting tested for HIV were significantly more likely to have been tested over the last year. Hence, developing partner communication skills, which is also influenced by gender dynamics, is again highlighted here as it has been in other studies [44, 45] .
Another interesting finding concerns the topic of men's avoidance of help-seeking and health care due to considering this a sign of "weakness"/not reflective of a robust male identity. Prior (mainly qualitative) studies had posited this to be a major reason for men's limited use of services. For example, a study with male and female participants in an ART cohort study in Malawi concluded that men's masculinity norms inhibited use of treatment until symptoms presented [46] . Other studies with men living with HIV in South Africa found that men's norms around traditional masculinity prior to positive HIV diagnosis negatively affected their help-seeking behavior and coping with HIV post-diagnosis [47, 48] . And a study with men in Tanzania reported feelings of embarrassment as well as concerns that visiting a clinic for HIV treatment would negatively affect their social status [49] . In the current study, we found quite limited endorsement for this norm. We also did not find associations between this topic and testing and treatment outcomes, with the exception of women who endorsed this norm reporting less ART use. While it is an issue that warrants further research to understand the complexities, it is feasible that this particular factor is not as influential as earlier understood, and interventions promoting HIV service uptake for men should emphasize other factors (such as increasing the convenience of accessing services in places where men gather).
Several limitations to the current study should be highlighted. The data are based on self-report, and this can introduce a fair amount of bias, so future research using other types of more objective measures could strengthen this set of findings. In addition, the limited sample size of HIV-positive individuals, particularly among men (n = 48), meant that we may not have had adequate statistical power for inferential analyses among that subsample (and since we are aware that prevalence rates among men in the community are higher than what was found amongst this sample, those responses may include some bias as well). Further, this is a crosssectional study, and as such, we cannot make any claims of causation, only association. And finally, there were no variables in the survey to assess whether women received their HIV test via ANC, and thus we were unable to take into account any related confounding influence.
However, this study contributes notably to the field in that it provides quantitative evidence from a communitybased sample in South Africa regarding the ways in which views toward gender norms are associated with HIV testing and treatment. Existing evidence suggests that this topic has been explored almost exclusively using qualitative methods. While the current study expands upon or reinforces some of the earlier qualitative findings, it contradicts others. Overall, our findings highlight the point that it is key to understand and address gender norms in interventions to increase uptake of HIV services. Our results also demonstrate the utility of separating out different dimensions of gender norms, since there was not unilateral support for all types of inequitable gender norms, and not all gender norm endorsements were associated in the same way with testing and treatment outcomes.
Given HIV epidemic control goals and South African policy supporting "universal test and start," evidence is urgently needed to guide choice of strategies and messages to increase HIV service uptake. A clearer understanding of the gender-related barriers to the use of HIV testing and treatment services for both men and women will inform more effective policies and programs. Complexities around HIV testing, for example, need to be taken into account and further investigated to develop appropriate programmatic recommendations. One source of evidence will be this ongoing NIMH-funded community-based trial in Mpumalanga [50, 51] , as it will determine the effects of various strategies to shift gender norms and increase use of HIV services.
Informed Consent Informed consent was obtained from all individual participants included in the study.
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